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METHOD OF CONTROLLING OPTICAL WAVELENGTH DIVISION 
MULTIPLEXING TRANSMISSION APPARATUS 

BACKGROUND OF THE INVENTION 
1 Field of the Invention 

^Itiplexing transmission apparatus -"^'f . J optical 
optica, — on^;^^^^^^ : Isicn multiplexing 

rrrnararrrrrnceltnaVinputstate.optic^^ 

wavelengths. 

2 . Description of the Related Art 

Wavelenatn division multiplexing (WDM, --^^-Z:^.^"^ZTo^ 
transmit a wavelength division multiplexed "P^' j;^'^^ J^^^^^^^^^ being 

optical Signals ot -''^'^^^Z'^J^X^TJ^^XT^^^ —ion 
taken notice as a method for 3<=h»«"9 transmission systems, 
systems. Furthermore the °* J^"^, "^^lode in which an optical 

which utilize an optical amplification repeater ''^"^"^^^"^^ 

'-::r=::d':re:ir^^^^^^^^ 
rrr;rrrratus .or 

narrow spectrum optical signal on the --^f^^"';^^:^^', 'Apparatus for 
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the ele*o-opUcal converting apparatus. A specffic example of the co^st^ction o, 
* oX -Length division ™,.ip,exing transmission apparatus ,s shown ,n F,G. 



8. 



With the construction shown in FIG. 8, each optical signal of different 
wavelength output from the eleCro-optica, converting apparatus P-^-' ^^^^ 
Lesp<x,ding optical attenuation unit (VAT) and is then input ,nto an optical 
unlt'(TVVM, and multiplexed. The ^^^^"^J^^^^ 
ODticil Signal output from the optical multiplexing unit ,s amplified to the desired leve 
by a" amplification unit (TWA) and then transmitted to an - 

IsmSon path or the like. Furthermore, a portion of the wavelength division 
mult p3 optical signal output from the optical amplication unit ,s sent to a 
r^aTanalysis unit (SAU) where a spectral analysis is inducted and «.e amou^ 
o^taal atLnuation at each of the optical attenuation units then controlled ,n 
L^^ce 1 .e results of the spectra, analysis. 

set in accordance with the number of wavelengths being used. 

However, with optical transmission apparatus like mose ^--^ f 
problem arises in mat if an increase or a decrease in the number of op^^ca^ 
::^^;gths bemg input occurs while the optica, -P''«-«- "^-^^^^ o^, 
ALC then the optical amplffication unit will function so as to maintain the cptu^l 
output at a constant level regardless of me level of the optical input, and 
"n^uently me optical output level per si^le wavelength will fluctuate. As a esu t 
me oration of Jeater devices or a receiving end terminal apparatus conne^ed to 
Te oX wavelengm division multiplexing transmission apparatus wn, also be 
affected, resulting in a potential deterioration in the transmission properties. 

in order to resolve me aforementioned problem, it is possible for example, to 
interrupt the ALC operation of me optical ampincation unit during '"=^«ases o 
dTZL in the number of wavelengths being input, and then subsequently al« 
the ITa ing conditions of the optical amplification unit so that an optical output l^e 
I Single wave which corresponds to «.e new number of wavelengms a«er 
n^ea^d or decreased is achieved. However, if the optical output level ,s ad us ed 
s m y"y varying me gain of the opfical ampliScation unit, men .he deviation (til.) of- 



me gain between each afferent wavelengtti will also vary, making rt d,fncut to 
llr^ain a. a con^ant level the optical level of each wavelength of the ampl^ed 
wavelength division multiplexed optical signal. Until now, no spectf,c control m^hod 
has been ^oposed which produces no fluctuation in the optical level per s,ngle ««ve 
o a wavelength division multiplexed optical signal output from an op^ 
amplification unit, and yet is able to maintain the optical level of each wavelength at 
a constant level. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to resolve the above issues and provide 
a method of controlling an optical wavelength division multiplexing transm,ss,on 
ap^ratus which a^ieves stable wavelength division multip,ex,ng op.cal 
rnsmissioh by switching the control mode of an optical amplification section ,n 
I^dLnoe with the input state of the optical signals of each wavelength entenng 
the optical wavelength division multiplexing transmission apparatus. 

in order to achieve the above object, with the present invention, there is 
provided a me«iod of controlling an optical wavelength division ■^"'W 
Lsmission apparatus which is equipped with an optical attenuation section for 
attenuating individually me power level of each of a plurality of inpu °P™;^ 
dWerent wavelengths, an optical multiplexing section for multiplexing the optcai 
ignrof each wavelength which have been attenuated by the optical attenua ion 
section and generating a wavelength division muKiplexed optical signal, an optica 
am location section f<. ampl^ng the wavelength division 
generated by the optical multiplexing section, and a spectral analysis section fo 
analog the spe^rum of the wavelength division multiplexed optical signal 
amplfied by the optical ampimcation section, wherein the method compnses; an 
Tal setting step v*ich, upon startup of the optical wavelength division multiplexing 
Rnsmissioh apparatus, sets initial information including the wavelengths being u ed 
and trnumbeTof wavelengths being used, sets the amount of optical attenuation 
corresponding to each wavelength of the optical attenuation section to a maximum 
value, and sets the operation of the optical amplification section to 
control (ALC), and a level adjustment step which, upon input of an optical sjgna a 
wavelengm corresponding to the wavelengths being used set n the initia 
Wormation into me aforementi<^ed optical attenuation section, controls me amount 



of each wavelength analyzed by the spectral y of the 

constant, and n,oreover so that the opfcal power ^^J^^^^^^^^^ 
wavelength division .multiplexed optical -S-J'^ ^^^ ^^Tof wavelengths 
amplification section is of a level which ^^^^P"";";^^^^^^^ ^^^porate an 

::^irs.e::i:%::^rr^^^^^ 
:ropr.:=;::=^^^^^ 

Iditlons adjusted by the level adiustment step are maintained. 

With such a control method, ^^^^^z: 

multiplexing transmission apparatus, "'.'^^^^ ^-^ ^ optical signal 

me opucal attenuation section is earned °"' ^^^^^''^p,^, a'^p^floaticn 
actually .1. inp. . cor..ions.^ .e .r^l mode of th^ P_^^^^^^ 

rUrsirmuiexed optical ^^^l^lZZZ'^:^^. 
analysis section is stabilized, ^^^^^^^^ZZ^^^sL multiplexing 

rri^ ap^rarr ^ x ^ - — — 

are achieved, is carried out automatically. 

automatic gain control, and controls the amount of o^ical ^^"^ 
.thewavelengthof^^optic.*.^^^^^^^^^^ 

so that the power level of the optical signa approximately 
spectral analysis secti^ following the waveleng* "^^^'^^^.a.Z^U of the 
constant, and moreover so that the oP'-' PO*- ^^^^ J „ 

wavelength division muUiplexed optical ^7;;^^^;^; 7J,,,„gms following 
section is o, a level which corresponds ^^^^^^^^ ^ep, 

— y rr r^CbrofCr iCs. .e amount of o.i.l 



anenuatlcn ooaespondina .o U.e imerrup.ed wavelengths oT the op«oa, attenuation 
section to a maximum value. 

Wrth such a control method, when the number ^i;^ 

- r:irt::ro:Sn:atr ^^^^^^^^^^^ 

interruption occurs in tne inpux u. o ^ ^. ^ ^ ^„f:„i amolification section 

r^Ja^lat^n accordances 
Of signals) following the variation. 

the analysis operation of the spectral ana.ys wavelength in the 

controls the amount -P-^^: ^^^^^^ ^^roT each wavelength 
:Z r rpr— *^^ln . .aJamed at the out., level whi. 
existed immediately prior to the occurrence of the anomaly. 

anomaly are retained. 

conditions of the optical ampiiricauu switching 

• ^ «oth This suoervisory control signal may oe ui.eu iv^i 
the transmission path. This supervibu y ^^^^^^.^^^ m subsequent stage 

- Tri:rro::rsrtra::c^^^^^^^^ 

devices connected to the transmission p multiplexing optical 

o, the optical -P'«;-- -^^„^ Hs ;^Sle that the supewisory ^tro, 
transmission apparM^. S« 

r^rXtr--' m^orated in the wavelength division 



-6- 



supervisor control signal, the control r.ode of '^^l^'^"^^^^.^ ^ ,em,inal 
device are switched in the same way ^g^elength division multiplexed 

be prevented. 

. onH «Hvantaaes of the present invention will become 

appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
used in the above embodiment, where {/\) snows, 

the relationship at 65X; ^^thnd for the above embodiment 

FIG 4 is a flowchart showing a control method for tne aoo 

from startup through until a point of normal opera^n. ^^.^^^^ 
FIG 5 is a flowchart showing a control method for the aoov 

the case where an interruption occurs in a" optical ^^^^^^^^^^ embodiment in 

FIG 6 is a flowchart showing a control method for the above 

anomaly occurs at a stage prior to the OP"^^;™ '^^^ ,n 
FIG. 7 is a flowchart showing a control method tor ine 



... 3 .pe^^so. con.., s.na, . ^-^-^Z^^^^^^^ 
operation o, optica, amplifcation un«s ,n ^ «3velength 

F,G. 8 is a diagram stowing a typ,ca, '^"^'°"^^^J,^ ^ ,ermina, 
division multipiexing transmission apparatus provided 'n - transmiss, 
apparatus applied to a WDM optical transmission system. 

DETAILED DESCRIPTION OF THE INVENTION 

AS follows is a descripuon of an em,x>diment of the present invention t>ased 
on the drawings. 

„3. . is a hlocK digram -^r^l " co^ m^r^ 

«ave,eng* division <— ^ J^^^^^ division multiplexing 
o, the embodiment -/^P''^^. ."^ °^^3„;33ion end terminal apparatus of a 
transmission apparatus ,s prov ded ^^^^ ^ .„ ^ an eleCro- 

~r - ^^^^^^^^^^^^^^ - — " 

apparatus. 

^eoptica,.3veleng.divi.onm*^^^^^ 

FIG. 1 is constructed for example of, , "^ '^' J ^^p^ op^l signals of 

^hichfuncuonasanopticalanen-c^^ ^ 

each wavelength output from an electro op „^,|tip,exing section into 

multiplexing un. (TWM) 2 which ™ a^ ^^^t *e ppti-l attenuaUon units 
whid. are input the optical Signals ou^U^meachon P ^ 

,,.U. an optical ampimcation unit <™f ' ^ ^,„ip„,ed optical signal 

ampimcation sectio. for amplifying a ^"^/j^^^^^^^^^ (SAU) 4 whic*. 
output from the optical ^^^^^ ^^^!: , ^ 3 portion of the 

functions as a spectral analysis section in amplification 
wavelength division muUiplexed ^^^'^^.^ I^eh all the above 

unit 3, and an internal supen/isory control section tnu 

units are connected. 

Thirtytwooptica,sign3lw3vesofd«e.n.w3^^^^^^^ 

alectro^ptioal converting ^'^l^-^^^^^^^^^^^^^ the optical 
the four optical attenuation units 11-14 A speciri 



Explanations of me omer op«oal attenuation 
unit 11 IS constructed o^ ^ '^"'^ '^ J" ^ a control systert, 16 for 

^ro^rrrrt^e^o^icaiU^^^^^ 

Por ea^ of the optical processing systems lOi-IOs an "P'^'^a-;^;- 
.e electro-optica, concerting apparatus is 

attenuated t.y a variable input .onito^ng 

from an optical output port (OPTOUT) IS. ^ port 11 and the variable 

section (CPUPD) 12 is provided J^'^ Z ,^r of «ie optica, signal 

optical attenuation module 13 for montor ng such as the P 

rnTpUP^Mls"— ^ 

::rirardtxi.p".:ortis,or^^^^^^^^ 
r:t::::iXrrri"^^ 

wavelengths within a unit can t» varied as required. 

Below is an explanation of a speCc construction of the optica, processing 
systems 101-108 With reiere^ to the block diagram of FIG. 2. 

Fir 2 an optical signal input via the optical input port 
in the construction of FIG. 2. an opuca g ^^^^^^ 

11 is sent through an optical coupler (CPL) / ^ by the 

(VATT) 13a. At this point, a portion of the '"P"-;^ "^ an electrical 

optical copier 12a wi.^ ---P- ,,ut into an input 

signal by a P'-'°^^'^°V;°' p'^^c an A/D conversion drcuit (A/D) 12d, and a 
interruption detection circuit (^OMP 12=. ^" <,,ouit 
Signal deterioration detection arcuit (SD) 12e. The np p ^,^„^p„eal 

12C judges Whether . no. an op.cal ^^^^"^^J^^,^, ,,,al from the 
oonverting apparatus by ^■^P^""^ and then outputs the result 

photodetector 12b with a preset '^^^^^^^''^^^-^ J^ption signal 
of the judgment to the control systern n th^^m of an p ^ 

^Zi^zr:z: r » - — - - -•'^ 
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system 16 and tt>en outputs the digital signal to the control systeir, 16 as an input 
data Signal DATAin. The signal deterioration detertion J^e uses a 

comparisoh circuit (COMP) 12g to compare an analog signal 
conversion cin:uit (D/A) 12tfrom a reference signal SDMONin sent from tt^ contro 
system 16 with the electrical signal from the pholodetector 12b, judges whether or 
not any signal deterioration has occurred, and then outputs the result of the 
judgment to the control system 16 in the form of a signal deteriora^on signal 
SDMONout. 

The amount of optical attenuation in the variable optical attenuator 13a is 
controlled in accordance with an analog signal converted by a D/A conversion cr« 
13b to convert a control signal ATTSET sent from the control system 16. For 
example in the case of a variable optical attenuator which utilizes a Faraday rotator 
the amount of optical attenuation can be »ntrolled by altering the value of eledn^ 
current flowing into the variable opUcal attenuator in accordance with the control 
Signal ATTSET An example of a variation in the amount of optical attenuation w.m 
respect to electrical cunent value is shown in FIG. 3. Graph (A) shows the resuUs 
for measurements taken at 25-C, and graph (B) the results for measurements taken 
at 65'C Furthermore, the variable optical attenuator 13a desaibed above ,s a so 
provided with a function for generating a mmitor signal ATTMON which shows the 
actual amount of electrical current sent to the variable optical attenuator, and the 
monitor signal ATTMON is converted to a digital signal by an A/D conversion circuit 
13o and then sent to the control system 16. 

Having passed through the variable optical attenuator 13a, the optical signal 
passes through an optical coupler 14a and is output fn.m the oP«oal output port 15. 
At this point a portion of the output optical signal is branched off by the optica 
coupler (CPL) 14a with the branched optical signal being converted to an electrical 
signal by a photodetector (PD) 14b The electrical ^gnal Is then ^ » ^ 

digital Signal by an MO conversion circuit 14c and output to the control system 16 as 
an output data signal DATAout. 

The control system 16 incorporates a CPU 16a which controls the amount of 
optical attenuation for each optical processing system 101~108 based on the signals 
received from each optical processing system 101~108 and the spectra analysis 
unit 4, and an interface circuit (TEDsLSI) 16b is connected to the CPU 16a. The 
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temperature inside the optical attenuation un,t to tt« CPU 16a. 

The opuoal multiplexing unit 2 comprises a multiplexing module (MUXMd) 21^ 
^iot, ::.ipLes the optica, signals o, ^^^:^^^'^:Z^:Z X-^ 
optical attenuation units M-U -o ^^^^^^ Z^Z^ circuit 22 is o, the 

rartrir:-::^^^^ 

attenuation units 11~14- 

Wth the optical amplification unit 3, the wavelength division multiplexed 

op^cairnaltm^- oP- ™« Z^Z :r Xp^d 

,OPT,N) 31, and following optiL, output 

32, is passed through an optical coupler (CPU 33 ^~ connected to 

po.(OPTOUT)34:Punhe^.e^an«^^^^^ 

the optical amplification module 32, and a superv^ory 3 ,3 

whi* monitors '^r'T^ZT^^ ^^^^^ -'^^^ ""^^ 
c^^^<'0^°'^"^'^^J°[ZwT sua,\^ -*ium doped fiber 
can he utilized a Known J^^' J^,^,^ 3 wavelength division 

amplifier(EDFA), which is capable of *ectly am^'"^ S ^^pi^er is 

™iuplexed optica, signal. A«hough output level 

equipped with an automatic level cor,.rol ^'^''^^^ l^^^,^^, I controlling the 
at a constant value, and an automatic gam control circu, 
gain at a constant value, and either the '^^l^':^'^'^ 
accordance with a control signal sent via the '~ 35 
control module 36 transmits infomiation o each '^^'^^^ 3, 
as to Whether or not the optica, ampliation - ' . o^-^-g '^ J 

loading into the ^^"'^'^ ^-^^^ :^.Z ^Z signal which shows 
optica, signal, via the optical coupler ^^'^"^"''^ multiplexing 
the operating conditions of the present °P"^' repeater 
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M ^9 \^ branched off at the optical coupler 33 and sent to 
optical amplification module 32 is brancnea on ^ k 

the spectral analysis unit 4. 

43. An interface circuit (TEDsLSI) 44 is connected to the CPU 43. 

• -^e ^TFn«^LSI^ of each of the modules are mutually 

transmission occurring between the respective CPUs. 

outlined above, with reference to the flowchart of FIG. 4. 

,„ F.G 4 when the optical wavelength division multiplexing transmission 
apparaL ifsJ^eZ firstlyL initial settings ^'^^^,Xr;^Z^:ZZ 

S^^oailv, in step 1 the ini«aW— ^^^L 

in^rporates, for ^^-^JJ^^::^^^ are set .^forehand in .he 
and the transmission speeds for eacn wave a operation of 

internal supewisory control section 5 which ^^^^^^^^'^J'J^^^ is 
the entire transmission er^ temnlnal ^^^^^^^"'^jrunit of the optical 
transmitted from the internal supewisory control sertion 5 to ea* ^™ " 
wavelength division multiplexing transmission ^^^^^ J^^^^ntrol section 
assumes tha, the Initial in,om,atlco is se, by «.e inte^al -^"'^eT^h division 
5, but I. IS also possible to l^ve each unit ^' ^^^^^^^^J-^^^^^ 
multiplexing transmission apparatus stonng the appropriate 

therefor. 

,n step 2. concurrently v.th ^ reading in of ^ initial infon^ation, processing 



-12- 



is carried out for setting the amount of optical attenuation for all of the vanable 
optical attenuation modules 13 of each optical attenuation unit 1 1-14 to maximum 
values. This processing is achieved by sending a control signal ATTSET, which will 
set the amount of optical attenuation to a maximum, from the CPU 16a of each 
optical attenuation unit 11~14 to the variable optical attenuation modules 13 
corresponding to each wavelength. The control signal ATTSET is a signal which 
indicates the electrical current value which will produce the maximum amount of 
optical attenuation by taking into consideration measurement results of the 
temperature monitor circuit 16c as well as referring to the characteristics of the 
variable optical attenuator 13a as shown in FIG. 3. Data relating to the optical 
attenuation characteristics of the variable optical attenuator 13a corresponding to 
each wavelength is pre-stored. The control signal ATTSET sent from the CPU 16a 
to each variable optical attenuation module 13 is converted to an analog signal by 
the D/A conversion circuit 13b and then sent to the variable optical attenuator 13a, 
thus controlling the amount of electrical current flowing through the variable optical 
attenuator 13a and setting the amount of optical attenuation to a maximum value. 
Furthermore at this point, the monitor signal ATTMON, which shows the actual 
amount of electrical current sent to the variable optical attenuator, is sent from each 
variable optical attenuator 13a. through the A/D conversion circuit 13c, to the CPU 
16a so that the control status of each attenuator is monitored by the CPU 16a. 

In step 3, the wavelengths to be used for each of the optical attenuation units 
11~14 are set in accordance with the initial setting information read in step 1. and 
the number of wavelengths to be used in the optical amplification unit 3 are also set. 
Furthermore, the wavelengths to be used and the number of wavelengths used are 
also set for the spectral analysis unit 4. In step 4 the control mode for the optical 
amplification unit 3 is set to ALC. 

The initial setting processing conducted in steps 1 to 4 puts the optical 
wavelength division multiplexing transmission apparatus into a standby state where 
it waits for the input of the optical signals of each wavelength from the electro-optical 
converting apparatus. In this input standby state, in step 5 detection is made as to 
whether or not an optical signal has been input into any of the optical input ports 1 1 . 
based on the input interruption signal INDWN which is output from the input 
interruption detection circuit 12c corresponding to each wavelength of each optical 
attenuation unit 1 1~14- 
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Then when a iudgment is made that an optical signal of a wavelength 
eo^es^^ng ^ a Leiength ^ing used ---^^^J-::::^^^: 

rjs:r::o"r:=^^^^^^^ 

ZZ^ .eing used in«v se. has t.en input th^n ^^[^1^ 

—rsrri^rrrr:^^ 

any of the subsequent stage units. 

First in step 6, a signal which shows that an op.ic.1 signal ^^^^J^ 
wavelength being used has t>een input is sent from the CPU ^^a c« *e op 

a— -r-r-crrgeTer^^:^^^^ 

r^CP^ o^ n umt. CPU tea then sends a cont™, 

Ina, A^S^ to the va'able optica, attenuation module 13 in accordance with the 
•gnal the CPU 43, and reduces the amount o, optical attenuation. 

,n steo 7 having passed through the optical attenuation units 11-14 and 
Ne,<. in step 3, pcocessi,^ is executed to control tlie P°- j-;!^^;;"-^ 

'z:ts:::z:::z:^^-^^^^ -ant, and . - — e t. 

c^wer levels are not approximately constant, signals are generated to ,nd,ca te *^e 
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output to ea* of the optical attenuation units so tt,at the level d,fferenc«s .»twe^ 
wavelengths are removed to obtain an equal level. On '-^^^ ^-'^^y.^ 
CPU 16a of the optical attenuation units I1-I4 sends a control signal ATTSET to 
«^ con-esponding variat>le optical attenuation module 13 to adjust the amount 0^ 
oTtiTattenuation, Then, the spectrum of the wavelength division multiplexed 
op stnal foliowing adjustment is reanalyzed, v.m the above operation h«ng 
re^'ted until the optical power level fo, the optical signal of each wavelength ,s 
approximately constant. 

once the power level of the optical signal of each wavelength has been 
controlled to an approximately constant level, then in step 9 processing ,s executed 
ZTZ the o^^ical power level per single wavelength of the wavelength division 
':u:;^,exed%ti Jsignal input into the optical amp,ifi^«on unit 3 to ^ P— 
level coresponding to the number of the wavelength being used. Spec W^e 
CPU 43 detects the total power of the optical signal level being '"P"' '^^ 
ampliflcation unit 3, via the interface cira.it from the op.cal ampMica^ un^3^ and 
also detects the number of optical wavelengths actually being used. Wi» th^ 
deTeJion results the CPU then sets the required level for each wavelength w*, 
rel^'oractual number of wavelengths being used, and judges whether or no 
3evel of each wavelength, as measured by the spectral analysis unit 4, has 
re^c^d the required level. In tl^se cases where the required level has not been 
ea^ed a signal is generated for reducing the amount of optica, attenuafon of the 
lantt^e opt^l attenuation module 13 corresponding to the wavelength being used, 
TndTs then output to the appropriate optical attenuation unit side^ On receivir^ the 
sPgnl s the CPU 16a of each optica, attenuation unit I1-I4 sends a cental s gnal 
ATTSET to the corresponding variabie optica, attenuation module 13 to ad,us, the 
To!^ Of optical attenuation. Then, the spectrum of -v^^^ div.^ 
multiplexed optical signal following adjustment is reanalyzed, with the above 
being repeL until the power level of tf« optica, signal of each 
wavelength has reached the required level. 

,n the explanation above, the power level of the optical signal of each 
wavelength was first controlled to give an approximately constant level, and he 
^.ical ^wer level per single wavelength of the wavelength division multiplexed 
Signal «ien controlled to a predetermined level. However me order of the 
control steps may also be reversed. 



-15- 



once the optical level of each wavelength of the wavelength div,s,on 
multiplexed optical signal has been controlled using the above type of level 
Z^Z processing, the optical wavelength division ™'«P'»'"« 
apparatus shifts to a noru,al operating state. Fur^e^more, even 
ooerating conditions the level adjustment processing of steps 6 to 9 is repeated 
^ZZ'^ comrol the power level of the wavelength division multiplexed optical 

signal. 

By using the series of processing steps described above in steps 1 to 9 tl^ 
operation of the optical wavelength division multiplexing transmission apparatus 
from tartup until the point where norma, operating condKions are achieved, is 
carried out automatically in accordance with the optical signals actually input. 

The explanation above describes the situation where the power levelof me 
optical Signal of each wavelength is controlled to give an approximately constant 
^evr Hr er the present invention is no. limited to this si^tion, and for examp^ 
iHs also^ssible to control the system so that the transmission characenstics o^ 
ubstuent stages to the optical wavele^th division mulUplexing transmiss^ 
apZtus are taken into consideration with pre-emphasis being applied to the 
opSfsigna of each wavelength of approximately constant power level. This type 
0, ^t^ ™n be easily adhieved by adjusting the amount of optica, attenuation of 
I'ariable optical attenuation module 13 of each optical attenuation unit 11-14- 

Next is an explanation of the control method employed in the case where the 
opucal wavelength division mu,Up,exing transmission apparatus is under norma^ 
and an increase or decrease occurs in me optical signal of each 
wavelengths being input. 

First is an explanation, wim reference to me flowchart of RG. 5, of the 
processing carried out when me input o, an optical signal of a certain wavelength 
disappears (hereafter referred to as an optical input interoiption). 

Referring to FIG. 5, in step 1 1 , when an input interruption of - 
Of a certain wavelengm is detected based on the input intermption signals NDWN 
outpuTfrom the input nterrupUon detection drcuit 12c of each optica, attenuation un. 
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11-14 3 signal informing of the optical input interruption is sen. to the CPU 43 of the 
spectra, analysis unit 4. Furthermore, concurrently in step 12, the control mode of 
the optical amplification unit 3 is switched from ALC to AGC. 

in step 13, processing is executed for setting the amount of optical 
attenuation of the variable optical attenuation module 13 corresponding o me 
wavelength which has been subjected to the optical .nput interruption to he 
value. Specffically, a signal Is sent from ^ CPU 43 o, the spectra 
Tnalysis unit 4 to the CPU 16a of the variable optical attenuation module 13 
Xnding to the interrupted wavelength, requesting the -unt ^ °P- 
attenuation to be set to the maximum value. Then, a control s,gn^ ATTSET ,s jnj 
from the CPU 16a to the variable optical attenuation module 13, the amount of 
optical attenuation is adjusted to the maximum value, and the system ,s put ,nto a 
standby state, waiting for the input of the optical signal again. 

Next in step 14, in order to maintain the optical power level input into the 
optical amplification unit 3 at a level in accordance with the "ew number o 
wavelengths being used following the optical input intemiption, processing is 
for Jroiling the amount of optical attenuation of the variabe optt<^ 
Tenuation modules 13 corresponding to those wavelengths being used for which 
:p"nals e»st. Specifically, the same processing as that described above ,o 
steps 8 and 9 is repeated, based on the spectrum of the wave^ang^h d,vis„n 
mu'iplexed optical signal generated by the spectral analysis uni 4 following the 
optical input interruption, to control the optical power level per single wave eng* to 
tl^e required level while maintaining the optical signal level for each wavelength of 
Z Wavelength division multiplexed optica, signal at an approximate^ ^on.^^ 
Then when the above ,eve, contra! is stabilized, the control mode of the optical 
amplification unit 3 is switched from AGC to ALC in step 15. 

Moreover, in the case where an optical signal which has been interrupted is 
restored ttien in step 16 the reestablishment of the optical signal is detected based 
on the input interruption signal INDWN from the input intem^ption detection circurt 
12c corresponding to the wavelength concerned, and a signal conveying the 
detection result is sent to the CPU 43 of the spectral analysis unit 4. Furthermore 
c^r^lently in step IT, the control mode of tt« optica, amp,if,ca.ion unit 3 is 
switched from ALC to AGC. 
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Then in step 18, for the optical signal of eaoh wavelength being used, 
including the restored wavelength, the same processing as that described above fc. 
rteps 8 and 9 is repeated, based on the spectrum of the waveleng h d,v,s,on 
mXlexed optical signal generated by the spectral analysis unit 4, to tf,ereby 
oZT^ optical Signal level for ea* wavelength of the wavelengm d,v,s,on 
nUxed optical Signal to an approximately constant level, and con^ol me opt a 
power level per single wavelength to the required level. Then, when the above level 
octroi is stabilized, the cont^l mode of the optical ampliflcation unit 3 ,s swrt*ed 
bad< again from AGC to ALC in step 19 and normal operating cond,t,ons resumed. 

TUe processing in steps 11 to 19 ensures that even in the case of an 
interruption in the input o, me optical signal of a certain wavelengtMhe rema,n^ 
optical signals of different wavelengths are automat,cally maintained n the san^ 
,a e as that prior to the input interruption, and so '"^^^^ .^^^^^^^^^^^ 
Of a stable wavelength division multiplexed optical signal. F"*™ 
processing required when the interrupted signal is restored also occurs automatically 
arXs enables the transmission of a stable wavelength division multiplexed optica, 

signal. 

Next is an explanation, with reference to the flowchart of FIG. 6, of the 
processing carried out when the input of the optical signals of all me wave engths 
being used disappear (hereafter referred to as a total optical input interruption). 

The occurrence of a total optical input interruption is judged on me basis of 
the analysis results from the spectral analysis untt 4, and can be divided into; (A 
t^o^^s Where eUher the spectral analysis unit 4 has ma^nCioned or me input 
Tme spectral analysis unit 4 has been interrupted, and (B, those oases wh^e 
eimer th^ optical ampliflcation unit 3 has malfunctioned or an anomaly has occurred 
in a stage prior to the optical amplification unit 3. 

in the former case (A). » the operating condition of the opUcal amplication 
unit 3 is judged to be normal based on the signal sent to each unit from me 
suUscil -"tro, module 36 of the optical amplification unit 3, ther, a judgemenus 
made maTthe spectmm of the amplifled wavelengm division multiplexed optical 
^gna. ^ simply unable to be measured and me cmer units are operating normally. 
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. .3 case, c^.. .asea on .pec^. . ^^t^^^:^ 

prior to the total optical input interruption. 

. .e ease .es.,.a a.ove, ^ 3 '^'^l^J: X^T^:. 
analysis unit 4 of a .o.a, optical Input ;«ea, attenuation 

^en in step 21, ^'^^P-'-^i;:;;^!: J aZt^^^ 

corresponding to each wavelength ,s '™ 'ated °r P maintained 

so that the output power level o. '^"^J^^ ^^ha. Is a cont™, signal 
3,«,esa.eleve,as.atprloc»^e^o« 

ATTSET IS sent from the CPU 16a to the p wavelength, the 

amount of optical attenuation so that, for '^^J^ optical 
output data Signal DATAout which -^^^"^^^^ .,at phor to the total 

attenuatlc^ module 13 Is maintained at Ihe ^ cPU 16a at 

interruption. The controlling of the analysis unit 4, 

this point IS not affe^ed by 'f^'^J'^^^J^, Zl^J^. At this time, the 
" IS controlled ^-^^^^"^^1: Then, when the malfunction of 
optical amplification unit 3 .s set to al v interruption restored, 

. 'e spect^l analysis unit 4 Is resolved ^^ "^J^^^^^: had been maintained 
,n step 22 the optical output levels for each -^^^^^^^ ^ 

^ - 43 o, the spe.. 



analysis unit 4 is resumed. 



on the other hand In the latter case >^^:^^:::^Z^. 
on the signal from ^ supe^iso^ r lp^ i^unir' is anomalous ^ a total 
3, that the operating state of t.^ optical a^Pl*«"°" "™ g g,, „en in step 

optol input interruption Is detected as ^^^^f^,^ attenuation of the 
,4, for ead, optical aUenuati- -'Jl-^ ^ ^ , J, 3 maximum value, 
optical attenuation module 13 for ^ ^ described above for 

T^n, the system Is placed In the ^^..notioning seaion to be 

rv:tr6^::rp::=='---^^^^ 
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into each of the optical attenuation units 1 1~14. 

B, .e con.0, .e.o. — - . ^^^^^ 
optical input interruption, as much as po .^^^^ division rtiultiplexed 

is maintained and ti. f^e Z tl, optL input interruption is 

sidr:;rrera— ^ 

r--Z.l:^ar:.usandareceivin,endten.ina,apparatu. 

case .s.i.ed 

— irs iS:e :::oa, wa..... ^^^^^^ — 

apparatus a. the transmission end ,s -^tdTn^^^^^^uent stage repeater 
input into the optica, amp,ir.cat,on "^'^'^^^ ,r,e figures) will 

apparatus or In tne receiving en^term, ^^^^t^^s^o. end. « >^ operation 
also vatv depending on the swttctred s^ate a, ^ ^^^^.^ 

of trie optical amplfflcation unrt of 'Variation in the optical input 

ten^inal apparatus is set to ALC ^f'^f^^f ^.^"JJ^^elength at each optical 

power level, then the optical characteristics 

amplification unit will vary, causing a ^^C of the amplification 

of the wavelength division multiplexed o ^l s^^^^^^^ ^^^^^^ 

units of the repeater apparatus ^"^ J^^Jtions in the transmis^^ 
oons.an.iy conducted so as ,oab»*jy^^^^^^^^^ 

oharaceristics resulting ^^^^^age deterioration. The amplification 

advance or transmitted from the transmission end. 

■A the tvoe of deterioration in transmission characteristics 
,es.i:drv:^rCorelodimentofthepresentinventi.,^^^^^^^^ 
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.0 .e ope..., — j:;: rr:—,;;^^^^^^ 

s^equen, stage -P-'^J^^^^^: "1 multiplexed optical signal, and 
supervisory control <^ , ^nlts In subsequent stages are 

J opiating conditions o, the OP-^^^^^'' ^* ■„ „p«ca, signals at the 

rrrs,: r^tir. e^iamed .10. ..e™. to ..e 



flowchart of FIG. 7. 



by tt^ transmission end optical ^'^^^^ ^ optical signals 

apparatus, namely v*en an increase or . wnsmission apparatus, 

bel^^ input into the optical -^^^'^J^^T^^t^Z altered In the manner 
and the control m»de of the op^^oal ampl^catK,n ,^ ^^^^ ^ ^ 

described above, either from ALC to '^GC or from ^.^^ 
signal showing the switched control mode ,s gen^ate y 
Lule 36 of me optical ampi^-tioh u™t 3^ J- ^ 31 9^ ^ 

signals whi^ sl^w Information such '^^ ^.^ ^ ^ptieal coupler 33 

,he transmission speed for each -^-^^^f ^^^^^^ „,ul«plexed optical 

irto the supervisory control d.anne, o^ '^J^^Z^ from the optical oUM po^ 
signal as the supervisory control signal, and then ou p 

34 

' ^an in step 32. the supervise. 
^celved by the repeater apparatus, and ^^n.™^m^2Tn J^^^^ ^„ ,^ 
un« provided In me repeater ^^'^"'J' '"^Lrated within the received 
inf^mation sho«ng m control mo e, wh^ ^ in^^ 

supervisory control signal. SP-'''=^''^; ^^^^rcontrol mode of the optical 
ir^erruptio. occurs for a certain wavetength and me^ ^ 

ampirication unit at also be s^tched from ALC to 

optical amplification unit of me '^^^ "^ ^ by means of me above 

AGO. Furfhennore, when the optical in«^u^nj -^- J,,ansmission end is 
operation, the fact that the op^^l -P'^-^^^^^^^^^ o, the repeater 

operating under ALC is relayed to '^"TZa Zd^cns. This type of switching 
apparatus, whir ls men also operated under ALC cond^^^^^^ ^^^^ 

passing IS earned ^ -^"^^'^t^ en trial iparatus, and the 
between the transmission end and receiving e 
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w.ve,eng* division muUiplexed optica, signa, froo, the — sion end is 
transmitted to the receiving end temiinal apparatus. 

,n step 33, the supervisory contro, l^^X:7::Z"^^ ^^^^ 
.rough the repeater aPPara^ and ,s '^^^^J^^^Z. in the 

apparatus, and the control mode of Jordance v^th the information 

in the same manner as that described for step 32. 

«inn in steos 30 to 33, which utilizes the supervisory 

in the wavelength division multiplexed optical s.gnal, stable wav 
multiplexed optical transmission can be achieved. 

end terminal apparatus back to the amplication unit 

v^hether or not the switching of the occurred 
Within the repeater apparatus and the rece,v,ng ^'^^Z^^^^, ^ „e 
normally. W,th this method, in those situations ^^'^^ l^^^e^. via 
transmission system carry out actual "-^^^l°''^ZZZ. be made as to 
sud. as the internal supervisor control performing control 

Whether or no. the terminal apparatus and '^^^^^^^^Z supervisory 
functions in a normal manner by a command re^se -^^^^ 
control d^annel. ,n the case where, for -nnp'e^ — 
amplification unit In a repeater apparatus ,s ""^We to be corr V 
conLation action informs ^ maintenance P-^"^ "^^^^^^^^^^ „ 
deaease number of wavelengths, and so ^^^"^^ ^ 
decreasing the number of wavelengths can be halted to avo,d any 
operational communication wavelengths. 



